I
n 1980, 350 coronary artery revascularisation procedures (CARPs) were performed in Western Australia and all were performed in one major teaching hospital in Perth. Almost all (99%) of these were coronary artery bypass graft (CABG) procedures and almost all (99%) were first ever procedures. By 2001, CARP procedures were being performed in seven Perth metropolitan hospitals and, of the 3023 performed that year, only 1034 (34.2%) were CABGs. The remainder were percutaneous coronary intervention (PCI) procedures, most (93%) involving the use of coronary stents. A significant proportion of the CARPs performed in this year were repeat procedures (768 or 25.4%). Between 1980 and 2001 the provision of CARPs increased significantly, particularly for PCI procedures such as balloon angioplasty (introduced in 1980) and coronary stenting (introduced in 1995). After 1992, rates of performance of CABGs declined as PCI procedures became the primary intervention. Overall, the increase in the performance of CARPs was most significant among patients aged 65 years or more. 1 Comparisons of outcomes of CABG and PCI procedures have been the subject of several randomised controlled trials. [2] [3] [4] [5] [6] [7] While these have found similar risks of mortality after either procedure, the risk of repeat revascularisation was significantly higher after PCI procedures than after CABG procedures. Randomised controlled trials have also shown the efficacy of coronary stenting over PCI alone. [8] [9] [10] [11] [12] While randomised controlled trials have strong internal validity, inclusion and exclusion criteria often restrict the population to which they remain externally valid. This is particularly so when the indications for surgical or percutaneous intervention change over time. Consequently, the more widespread application of treatments evaluated by randomised controlled trials may not produce the same results.
The aim of this study was to investigate whether, over the 21 year period 1980-2001, there had been a reduction in the risk of repeat revascularisation or death from cardiovascular disease (CVD) in the cohort of all patients who were treated by coronary revascularisation in Western Australia. Western Australia is ideally suited for this study because all major medical services are concentrated in the capital city, Perth, which is geographically isolated. The nearest major population centre outside of Perth is 1600 km away in the adjoining state and so the provision of medical treatment outside the state for any reason is rare. In addition, a population based health record linkage system exists within Western Australia and hence mortality records and all hospital admission records, from both public and private hospitals, are linked by probabilistic methods. 13 This means that not only admissions for CARPs but also readmissions for repeat CARPs and the date and cause of death after a CARP can be identified.
Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; CABRI, coronary angioplasty versus bypass revascularisation investigation; CARPs, coronary artery revascularisation procedures; CVD, cardiovascular disease; GABI, German angioplasty bypass surgery investigation; ICD, International classification of diseases; ICD-9-CM, International classification of diseases, ninth revision, clinical modification; MONICA, monitoring trends and determinants in cardiovascular disease; PCI, percutaneous coronary intervention; RITA, randomised intervention treatment of angina
METHODS

Data sources
The study was based on the subset of the Western Australian Health Data Linkage System that contains electronic records of all hospital admissions or deaths from any form of CVD occurring in the period from 1979 to 2001 inclusive. Each record in the file contains a computer generated unique personal identifying number enabling the aggregation of records relating to individual patients. The file contained data for 423 922 patients who had a diagnosis of CVD coded in any of 17 diagnostic fields or a code for a cardiovascular procedure in any of 12 procedure fields. The total number of hospital admissions relating to these patients (for any cause) was 3 771 819 and the total number of deaths was 130 294. From this we selected the records of all admissions for CABG and PCI procedures as defined below.
ICD code definitions for CABG, PCI, and PCI with stenting procedures For the period 1979-87, procedures were coded with the International classification of procedures in medicine. 14 The relevant codes for CABG procedure were 5-361 and 5-362 and for PCI procedures, 5-363. From 1988 to mid-1999, procedures were coded according to the procedure classification associated with ICD-9, clinical modification (ICD-9-CM). 15 The relevant codes for this period were 36. 10 16 mapped to ICD-9-CM.
Identification of first CARPs
All admission records that contained procedure codes corresponding to CABG, PCI, or coronary stenting procedures were identified and abstracted from the linked database for analysis and then sorted by unique identifier and the date of hospital admission. Consequently, for each patient, the first record appearing would correspond to their first or index CARP and their second record (if any) would correspond to their second or repeat CARP. After this, a summary record was created that contained the date of admission for the first CARP procedure, the date of admission for the second CARP procedure (if any), and the date and cause of death (if this had occurred). For each of our events of interest, time to repeat CARP and time to death from CVD, we computed Kaplan-Meier estimates of the unadjusted absolute risk of the event occurring at 28 days, one year, and two years. These were computed separately for index CABG and PCI procedures for the periods 1980-4, 1985-9, 1990-4, 1995-9, and 2000-1.
Statistical methods
We used Cox proportional hazards regression 17 to estimate the two year relative risk of repeat CARP or of death from CVD both with and without adjustment for the effects of sex, age at index CARP (35-79 years in five year age groups and > 80), rural area (Perth metropolitan area versus rural area), and history of acute myocardial infarction (AMI). History of AMI was defined as an admission to hospital for AMI within 90 days before the index CARP. Relative risks were estimated within the time periods given above with the 1985-9 period used as the reference. This period was used as the reference period because the earlier period, 1980-4, was a period when PCI procedures were first introduced and therefore outcomes in this period may not reflect outcomes in the later periods when the procedure was more established. To test the hypothesis that there was no trend in the two year risk of repeat CARP or of death from CVD, year of index admission was entered into the Cox model as a continuous variable and the model was restricted to the time interval [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] . For this analysis censoring was at two years after the initial CARP or 31 December 2001, whichever occurred first.
RESULTS
The characteristics of patients who received CARPs for the first time changed significantly over the period 1980-2001. There was a steady increase in both the mean and standard deviation of age (table 1) . One implication of this can be seen clearly in the proportion of patients who were aged 75 years or more. In 1980-4, these patients accounted for only 1.9% of patients having a first CARP procedure, whereas by 2000-1 they represented 17.8% of patients. Both CABG and PCI procedures increased in this age group. In contrast, the proportion of female patients and the metropolitan-rural mix of patients changed only marginally over this period.
Both CABG and PCI procedures have been used to treat patients admitted with an AMI or with a history of admission for AMI in the previous 90 days. The Table 2 shows the results of the Kaplan-Meier analysis for absolute risks. If we consider first the results for repeat CARP, it is immediately obvious that the risk of a repeat CARP was much higher after a PCI procedure than after CABG. For example, in the periods 1980-4 and 1985-9, the risk of a repeat CARP within two years after a PCI procedure was over 30%. Most of these repeat procedures occurred in the first year after the PCI procedure. In contrast, less than 2% of CABG procedures had resulted in a repeat CARP within two years. Since 1989, however, the risk of a repeat CARP after a PCI declined substantially so that, by 2000-1, the two year risk was 12.4%. Most of this decline occurred among repeat CARPS performed during the first year after the index PCI. There is also evidence of a decline after 1994 in the risk of repeat CARP after a CABG procedure.
When we consider the risk of death from CVD after an index CABG or PCI procedure (table 2), we can see that in the first two time periods (1980-4 and 1985-9) the risks were similar for both CABG and PCI, with the risk after CABG in 1985-9 being slightly higher. It is also apparent that the 28 day risk of death from CVD was higher after a CABG procedure than after a PCI. This may reflect postoperative mortality as well as case-mix selection effects. After 1989, while the risk of CVD death after a CABG procedure was more than double the risk after a PCI procedure, the risk of CVD death appears reasonably constant from 1990 through to 2001.
If we consider PCI and CABG procedures combined, then there appears to be little difference between the risk of CVD death after CARPs performed in 1980-4 and the risk after CARPS performed in 2000-1.
These are, however, crude estimates of risk and therefore trends in the risk of repeat CARP or death from CVD since 1985 may be masked by changes in the demographic profile of patients across this period. To adjust for the confounding effects of age, sex, place of residence, and the patient's prior history of myocardial infarction, a series of proportional hazard regression models were used.
In table 3, the unadjusted relative risk is the risk of the event occurring within two years of the index procedure relative to that risk in 1985-9. The p value tests the hypothesis of no trend in relative risk from 1985 to 2001. These unadjusted results therefore correspond to the comparison of the two year absolute risks in table 2. There was no evidence of a trend in the unadjusted relative risk of repeat CARP after a CABG procedure (p = 0.84), whereas there was a highly significant trend associated with PCI procedures performed since 1985 (p , 0.001). After adjustment for age, sex, place of normal residence, and prior myocardial infarction, the trend in the relative risk of repeat CARP after a CABG procedure remained non-significant. The significant decline in the relative risk of repeat CARP after a PCI procedure remained after multivariate adjustment.
With regard to the risk of death from CVD, there was evidence of a trend in the unadjusted relative risks after a CABG procedure (p = 0.04) but not after a PCI procedure (p = 0.59). After adjustment for age, sex, rural area, and prior myocardial infarction, however, a trend towards reduced risk of death from CVD after both CABG and PCI procedures was apparent (p , 0.001). For both procedures, the major part of the decline in multivariate adjusted risk of death from CVD occurred from 1985 to 1994. Overall, the multivariate adjusted risk of death from CVD after CARPs decreased by about 50% from 1985-9 to 2000-1 (p , 0.001).
DISCUSSION
The goal of our study was to evaluate temporal changes in the risk of death from coronary heart disease and in the risk of repeat revascularisation in a population based cohort of patients treated with coronary artery revascularisation in Western Australia between 1980 and 2001.
While we observed little change in the two year risk of repeat revascularisation among patients who had initially received a CABG, we found substantial reductions among PCI patients. Virtually all of this improvement occurred within one year of the initial procedure. When we examined the two year risk of death from CVD, we found relatively modest improvement for CABG patients and PCI patients. After multivariate adjustment for age, sex, and place of residence, however, large and significant reductions in the risk of death from CVD were observed for both CABG and PCI patients. These changes in risk occurred across a period when patients receiving CARPs were increasingly older and more likely to be admitted with AMI. The risk of repeat revascularisation among PCI patients in our study was highest in the 1985-9 period, when the risk at one year was 29.6%. This is comparable with the levels of one year risk estimated in CABRI (coronary angioplasty versus bypass revascularisation investigation) 6 (33.6%) and RITA (randomised intervention treatment of angina) 5 (24%) but less than that observed in GABI (German angioplasty bypass surgery investigation) 3 (44%). Although findings from observational studies should be generalised with some caution, our study suggests that recent advances in coronary revascularisation techniques such as the use of internal mammary grafts 18 and the introduction of coronary stents after 1995 have contributed to the reduced risk of death from coronary artery disease and risk of repeat revascularisation.
Our study, however, does have certain limitations. ICD coding of procedures does not identify the artery or arteries that have been treated. Thus, while we can identify repeat revascularisations, we do not know whether they are revascularisations of previously treated arteries (target vessel revascularisations) or revascularisations of previously untreated arteries (non-target vessel revascularisations). If repeat revascularisations were predominantly target vessel revascularisations then the reduction in the risk of repeat revascularisation would indicate true reduction in the rate of restenosis or reduction in the recurrence of symptoms because of improved medical treatment despite restenosis. If, on the other hand, repeat revascularisations were predominantly non-target vessel revascularisations the reduction in the risk of repeat revascularisation would indicate reduction in the rate of progression of arterial disease or an increase in multiple vessel PCI treatments performed in one admission rather than staged over a number of admissions.
Because we do not have data on the medical management of patients in our study we cannot definitively apportion the reductions in risk of death or repeat revascularisation that we observed between changes in revascularisation methods and changes in medical treatment. The increasing use of aspirin, 19 the introduction of treatment with antiplatelet, 20 and the increasing use of lipid lowering drugs would all have contributed to the reductions in risk we have observed in our study. For example, the Perth monitoring trends and determinants in cardiovascular disease (MONICA) project showed a rapid increase in patients with AMI prescribed aspirin at discharge (from 28.6% in 1985 to 90.4% in 1988-90), while a further study of AMI in 1998 found major increases since 1991-93 in patients prescribed angiotensin converting enzyme (ACE) inhibitors (from 5% to 40%) and lipid lowering drugs (from less than 5% to 60%) at discharge. These changes are mirrored by rapid increases in prescriptions for ACE inhibitors and lipid lowering drugs under the Australian National Pharmaceutical Benefit Scheme. 21 We are conducting a more detailed study in which data describing the CABG and PCI procedures and the medication prescribed are being abstracted from patient case notes. When completed, this study will be able to address these issues.
Population based studies such as ours provide testimony to what is seen in randomised controlled trials. Our results are reassuring because, while the evidence suggests that patients being treated by coronary artery revascularisation are becoming more severely ill, there is still evidence of improving outcomes. 
